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(7) ABSTRACT

A method of determining a temperature of a patient includes
determining that a temperature measurement device is
located within at least one of a distance range and an align-
ment range of a portion of a measurement site of the patient,
providing an indication to a user of the device that the device
is located within the at least one of the distance range and the
alignment range, and determining, with the device, a first
temperature of a first location on the portion of the measure-
ment site without contacting the patient with the device. Such
amethod also includes determining, with the device, a second
temperature of a second location on the portion of the mea-
surement site without contacting the patient with the device,
wherein the second location is different from the first loca-
tion. Such a method further includes determining a third
temperature of the patient based on the first and second tem-
peratures.
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NONCONTACT THERMOMETRY SYSTEMS
AND METHODS

FIELD OF THE INVENTION

[0001] The present disclosure relates to systems and meth-
ods for temperature determination and, in particular, to sys-
tems and methods for determining a patient’s core tempera-
ture.

BACKGROUND OF THE INVENTION

[0002] Temperature is an important vital sign in patient
evaluation. Physicians commonly use a variety of methods
for determining patient temperature including, for example,
obtaining temperature measurements with a thermometer.
While thermometers utilizing mercury have been in existence
for many years, modern thermometers typically employ one
or more electronic sensors configured to measure patient
temperature. Such sensors may take one or more measure-
ments over a relatively short period of time. Based on these
measurements, the thermometer may generate an estimated
internal and/or core temperature of the patient.

[0003] Existing non-contact thermometers typically
employ a sensing element configured to measure the tempera-
ture of, for example, the patient’s forehead, temple, and/or
other external body surfaces without contacting these sur-
faces, and to estimate the patient’s core temperature based on
such measurements. Such non-contact thermometers are
described in co-owned U.S. patent application Ser. No.
13/450,446, the entire disclosure of which is incorporated
herein by reference. While the accuracy of measurements
taken with existing non-contact thermometers is highly
dependent upon the distance and alignment of the device
relative to the external body surface, such thermometers are
typically not configured to assist the user in properly orient-
ing the device prior to measurement. Thus, measurements
taken with such devices are prone to significant error, and
existing non-contact thermometers are not highly reliable as
a means of patient evaluation.

[0004] Theexample embodiments of the present disclosure
are directed toward overcoming at least the deficiencies
described above.

SUMMARY

[0005] In an example embodiment of the present disclo-
sure, a method of determining a temperature of a patient
includes determining that a temperature measurement device
is located within at least one of a distance range and an
alignment range of a first portion of a measurement site of the
patient, providing an indication to auser of the device that the
device is located within the at least one of the distance range
and the alignment range, and determining, with the device, a
first temperature of a first location on at least one of the first
portion and a second portion of the measurement site, without
contacting the patient with the device. Such a method also
includes determining, with the device, a second temperature
of a second location on at least one of the first portion and the
second portion of the measurement site, without contacting
the patient with the device, wherein the second location is
different from the first location. Such a method further
includes determining a third temperature of the patient based
on the first and second temperatures.

[0006] In another embodiment of the present disclosure, a
temperature measurement device includes a first sensor con-
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figured to determine that the device is located within at least
one of a distance range and an alignment range of a first
portion of a measurement site of a patient, and at least one
additional sensor configured to determine a first temperature
of a first location on at least one of the first portion and a
second portion of the measurement site and a second tem-
perature of a second location on at least one of the first portion
and the second portion of the measurement site. In such a
device, the at least one additional sensor determines the first
and second temperatures without contacting the patient, and
the first and second temperatures are determined in response
to the first sensor determining that the device is located within
the at least one of the distance range and the alignment range.
Such a device further includes a controller in communication
with the first sensor and the at least one additional sensor. The
controller is programmed to determine a third temperature of
the patient based on the first and second temperatures.
[0007] In still another embodiment of the present disclo-
sure, a method of manufacturing a temperature measurement
device includes providing a first sensor configured to deter-
mine that the device is located within at least one of a distance
range and an alignment range of a first portion of a measure-
ment site of a patient, and providing at least one additional
sensor configured to determine a first temperature of a first
location on at least one of the first portion and a second
portion of the measurement site and a second temperature of
a second location on at least one of the first portion and the
second portion of the measurement site. In such device the at
least one additional sensor determines the first and second
temperatures without contacting the patient, and the first and
second temperatures are determined in response to the first
sensor determining that the device is located within the at
least one of the distance range and the alignment range. Such
amethod also includes providing a controller in communica-
tion with the first sensor and the at least one additional sensor,
and programming the controller to determine a third tempera-
ture of the patient based on the first and second temperatures.
[0008] In yet another example embodiment, a method of
determining a temperature of a patient includes determining
that a temperature measurement device is located within at
least one of a distance range and an alignment range of a
portion of a measurement site of the patient, providing an
indication to a user of the device that the device is located
within the at least one of the distance range and the alignment
range, and determining, with the device, a temperature from
an inner-canthal region of the patient, without contacting the
patient with the device. The method also includes determin-
ing a core temperature of the patient based on the tempera-
ture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 illustrates a temperature measurement sys-
tem according to an example embodiment of the present
disclosure.

[0010] FIG. 2illustrates a first view of an example tempera-
ture measurement device associated with the system shown in
FIG. 1.

[0011] FIG. 3 illustrates a second view of the temperature
measurement device shown in FIG. 2.

[0012] FIG. 4 illustrates a third view of the temperature
measurement device shown in FIG. 2.

[0013] FIG. 5 is a schematic diagram illustrating various
positions of an example temperature measurement device
relative to a plane.
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[0014] FIG. 6 is another schematic diagram illustrating
various positions of an example temperature measurement
device relative to a plane.

[0015] FIG. 7 illustrates a flowchart outlining an example
method of use associated with the present disclosure.

DETAILED DESCRIPTION

[0016] FIG. 1 illustrates an example temperature measure-
ment system 100 of the present disclosure including a tem-
perature measurement device 10. The temperature measure-
ment device 10 of the system 100 may includea first sensor 12
configured to determine that the device 10 is located within a
predetermined and/or desired distance range of a patient 14.
Such a distance range may be characterized by a distance D,
and the distance range and/or the distance D may extend from
a plane A substantially defined by the device 10 to a plane B
substantially defined by the patient 14. For example, as will
be described in greater detail below, such a distance range
may extend from the plane A to a plane B substantially
defined by at least a portion 34 of the face of the patient 14. In
still further examples, such a distance range may extend from
the plane A to a plane B substantially defined by any other
portion and/or “measurement site” formed by an external
surface of the patient’s skin, such as the face, forehead,
temple, ears (such as the outer or inner ear), eyes, nose, lips,
neck, wrist, chin, open mouth, and/or other like skin surfaces.
Such measurement sites may also include the oral cavity,
rectal cavity, axilla area, ear drum, groin, sub-clavian, and/or
other known body cavities or areas. In example embodiments,
the plane B may comprise and/or be substantially parallel to
a coronal plane of the patient 14. Additionally, the plane B
may extend substantially parallel to a spinal axis E of the
patient 14.

[0017] As shown in FIG. 1, the temperature measurement
device 10 may also include an imaging device 16 configured
to assist in forming an image of the patient 14, and at least one
additional sensor 18a . . . 18» (collectively, “sensors 18”)
separate from the first sensor 12 and the imaging device 16. In
example embodiments, the sensors 18 may be configured to
determine respective temperatures of locations 36a . . . 36%
(collectively, “locations 36”) on the portion 34 of the face
and/or any of the other measurement sites described herein. In
some embodiments, the sensors 18 may comprise non-con-
tact temperature sensors configured to determine the respec-
tive temperatures without contacting the patient 14, the loca-
tions 36, and/or other measurement sites. For ease of
description, and without limiting the extent of the present
disclosure, such temperature determinations will be
described herein with respect to the face of the patient 14
unless otherwise specified.

[0018] Additionally, the temperature measurement device
10 may include one or more displays 20, signal devices 22,
user interfaces 24, and/or communication devices 26. Further,
one or more components of the temperature measurement
device 10 may be in communication with and/or otherwise
connected to a controller 30 of the device 10 and/or memory
32 associated with the controller 30. One or more components
of the temperature measurement device 10 may also be in
communication with and/or otherwise connected to one or
more remote components 28 of the system 100, and such
remote components 28 may include one or more controllers,
additional temperature measurement devices, servers, com-
puters, databases, displays, hand-held devices, tablet devices,
cellular phones, and the like. In such embodiments, the one or
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more components of the temperature measurement device 10
may communicate with such remote components 28 via the
communication device 26.

[0019] Whenever possible, like item numbers will be used
throughout this disclosure to identify like components of the
temperature system 100. Additionally, as will be described
herein, the described implementations of the present technol-
ogy in the temperature measurement device 10 are merely
examples. The disclosed technology may be applicable to any
other medical device that may use one or more sensors to
calculate, estimate, look-up, measure, sense, monitor, and/or
otherwise “determine” a temperature of a patient 14. Such a
temperature may include a temperature of a measurement site
of the patient 14, and such temperatures may comprise sut-
face or skin temperatures of the patient 14 at the measurement
site. Additionally, such a temperature may include any inter-
nal temperature of the patient 14, such as a sub-skull tem-
perature, a rectal temperature, an oral temperature, an axillary
temperature, a “core” temperature, and/or any other like tem-
perature of the patient 14. Additionally, the device 10 and/or
one or more sensors thereof may be configured to determine
other indicators of patient health such as vaso-dilation, an
emerging fever, a diminishing fever, and the like. Such indi-
cators may be determined, for example, based at least in part
on one or more of the temperatures determined by the sensors
18. Such medical devices may include, for example, probes,
scopes, and/or other like contact-based and/or noncontact-
based devices.

[0020] The temperature measurement device 10 of
example system 100 may comprise, for example, a hand-held
device having a first side 38 and a second side 40 opposite the
first side 38. Although not shown in FIG. 1, in some embodi-
ments the device 10 may include a handle or other like com-
ponent configured to assist the user in holding, manipulating,
and/or orienting the device 10 relative to the patient 14. Alter-
natively, as shown in FIG. 1, the device 10 may be substan-
tially rectangular, substantially square, and/or any other
known shape. In example embodiments, the thickness (i.e.,
the distance between the first side and the second side) and/or
the length of the device 10 may be minimized so as to improve
the ergonomics of the device 10. Although not expressly
labeled in FIG. 1, the device 10 may include a one-piece or
multi-piece housing and/or other like components, and cor-
ners and/or edges of the device 10 may be sufficiently
rounded and/or otherwise configured so as not to cause injury
to the patient 14 or the user upon contact therewith. Further,
the housing and/or other components of the device 10 may be
made from any material and/or combinations of materials
commonly used in medical and/or examination devices. Such
materials may include, for example, plastics, polymers, com-
posites, stainless steel, alloys, and/or any other like materials.
Such materials may be suitable for repeated use and/or
repeated sanitation. Accordingly. in an example embodiment
of the present disclosure, the temperature measurement
device 10 and/or its components may be substantially water-
proof. One or more waterproof seals may be included and/or
otherwise utilized with components of the temperature mea-
surement device 10 to facilitate such repeated sanitation and/
Or use.

[0021] In an example embodiment, the first sensor 12 may
comprise a proximity sensor and/or other like device config-
ured to determine a distance between the sensor 12 and one or
more objects disposed in the vicinity of the sensor 12 without
contacting the object. Such a sensor 12 may also be config-
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ured to determine the length, width, height, angular orienta-
tion, and/or other dimension or orientation of such objects
relative to the sensor 12. Such dimensions may include, for
example, a height H of an ear of the patient 14, the height
and/or width of a nose of the patient 14, the distance between
the eyes of the patient 14, an inner-canthal distance, and/or
any other like dimension. Such dimensions may also include,
for example, a distance between various locations 36 on the
portion 34 of the patient’s face or on an additional measure-
ment site. Such dimensions may be used to determine, for
example, the age, gender, ethnicity, and/or other characteris-
tics of the patient 14.

[0022] Inexample embodiments, the first sensor 12 may be
configured to determine whether and/or when the first sensor
12 (and, consequently, the temperature measurement device
10) is within a desired distance range of the object. Such a
distance range may correspond to, for example, a field of view
of the first sensor 12, and as noted above, an example distance
range may be characterized by the distance D illustrated in
FIG. 1. Such proximity sensors may include, for example, an
inductive sensor, a magnetic sensor, an infrared sensor, a
capacitive photoelectric sensor, a sonic distance sensor, and/
or any other like proximity sensor known in the art. In such
embodiments, the first sensor 12 may emit an electromagnetic
field or beam of electromagnetic (such as infrared) radiation.
Such a field or beam may impinge upon the object and at least
aportion of the field of beam may return to the first sensor 12.
In such embodiments, the first sensor 12 may determine a
change in the field or return beam, and may determine the
distance D between the first sensor 12 and the object based on
the determined change. In such embodiments, the first sensor
12 may comprise a plurality of components including, for
example, an emitter, a receiver, and/or other like sensing
devices. Such an example first sensor 12 is further illustrated
in FIG. 3.

[0023] As shown in at least FIGS. 1 and 3, in an example
embodiment the first sensor 12 may be disposed such that at
least one of an emitter, receiver, and/or other component of
the first sensor 12 is disposed substantially coplanar with the
first side 38. In such embodiments, the first side 38 may be
substantially coplanar with the plane A, and at least a portion
of the first sensor 12 may also be substantially coplanar with
the plane A. As shown in FIG. 1, the distance range may
extend from the plane A to the plane B. As noted above, the
plane B may be substantially defined by the portion 34 of the
face of the patient 14, and the portion 34 of the face may
comprise an inner-canthal region, a sinus region, a temple
region, a cheek region, and/or other region of the face. As
shown in at least FIG. 1, portion 34 of the face defining the
inner-canthal region may comprise a region of the face
including the tear ducts. For example, such a region of the
face may extend from approximately the nose of the patient
14 to at least a portion of each eye (such as a corner of each
eye), and may include at least a portion of the sinus region
and/or upper cheek. The locations 36 on the portion 34 may
comprise particular points, areas, and/or other identifiable
locations within the specified region. In further example
embodiments, however, the plane B may be substantially
defined by any of the alternative measurement sites described
herein. In example embodiments, the distance range
described herein with respect to the first sensor 12 may be less
than approximately 24 inches. For example, the distance
range characterized by the distance D may be between
approximately 0.01 inches and approximately 24 inches, or
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alternatively between approximately 6 inches and approxi-
mately 14 inches. It is understood that the first sensor may be
tuned, focused, and/or otherwise configured to employ a dis-
tance range that is not overly intrusive to the patient 14 while
the device 10 is being used to determine a temperature of the
patient 14. Further, minimizing the distance range may result
in an increase in the accuracy of the patient temperature
determined by the device 10.

[0024] Theimaging device 16 may comprise, for example,
one or more digital cameras, infrared sensors, and/or other
like devices configured to assist in generating an image of the
patient 14. For example, the imaging device 16 may comprise
a digital camera operably connected to the controller 30 and/
or the display 20, and the imaging device 16 may be config-
ured to capture an image of the measurement site and/or other
portions of the patient 14. Alternatively or in addition, the
imaging device 16 may be configured to collect thermal,
infrared, and/or other radiation emitted by the patient 14, and
to assist in forming a thermal image of the patient 14 using
and/or based on the collected radiation. In such example
embodiments, the imaging device 16 may be configured to
send information and/or signals to the controller 30 and/or the
display 20, and the display 20 may display an image of the
patient 14 using and/or based on such signals.

[0025] In example embodiments, the controller 30 may
include components such as an image processor and/or image
processing software configured to receive information and/or
signals from the imaging device 16. The image processor may
be configured to assist in forming the image of the patient 14
based on such inputs. For example, in embodiments in which
the imaging device 16 comprises a digital camera, the image
processor may receive information and/or signals from the
imaging device 16, and may assist in forming a visual image
of the patient 14 based on such inputs. As shown in FIG. 2,
suich a visual image 42 may be illustrated on the display 20 of
the temperature measurement device 10.

[0026] Alternatively, in embodiments in which the imaging
device 16 is configured to collect thermal, infrared, and/or
other radiation emitted by the patient, the image processor
may receive information and/or signals from the imaging
device 16 indicative of such collected radiation. In such
embodiments, the image processor may assist in forming a
thermal image (not shown) of the patient 14 based on such
inputs. Similar to the visual image 42 described above, the
thermal image may be illustrated on the display 20, and such
a thermal image may comprise a two or three-dimensional
image, temperature gradient, and/or temperature profile of
the patient 14.

[0027] Inexample embodiments, the temperature measure-
ment device 10 may be configured to determine one or more
physical attributes of the patient 14, and the controller 30 may
be configured to automatically select an operating mode of
the device 10 based on the determined attribute. For example,
the imaging device 16, the first sensor 12, and/or one or more
of the images described herein may be used by the image
processor and/or other components of the controller 30 to
determine a distance between a first location 36a on the
portion 34 of the face of the patient 14 and a second location
364 on the portion 34, a distance between at least one of the
first and second locations 36a, 365 and a third location 36¢ on
the face of the patient 14, a length, width, height, and/or other
dimension related to an ear (such as the height H shown in
FIG. 1), nose, eye, cheek, chin, and/or other body part of the
patient 14, and/or other like attributes. One or more such
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attributes may be used to determine, for example, the age,
gender, ethnicity, and/or other characteristics of the patient
14, and the controller 30 may automatically select one or
more temperature algorithms, lookup tables, neural net-
works, and/or other like temperature determination compo-
nents or protocols for use based on such a determination.

[0028] For example, upon initial screening of the patient
14, the imaging device 16 may assist in generating a digital
image 42 of the patient 14. Additionally, the first sensor 12
may determine one or more distances associated with the
patient 14, such as a distance from the center of the pupil of
the left eye of the patient 14 to the center of the pupil of the
right eye of the patient 14. Alternatively, the distance from the
corner of the left eye to the corner of the right eye may be
determined. In still further embodiments, the height H (e.g.,
top to bottom) of the patient’s ear may be determined. The
imaging device 16 and/or the first sensor 12 may send corre-
sponding information and/or signals to the image processor
and/or other components of the controller 30, and such com-
ponents may determine an age range of the patient 14 based
on such inputs. For instance, based on one or more such
inputs, the components may determine whether the patient 14
is an infant, an adolescent youth, or an adult. Upon making
such a determination, the controller 30 may select a corre-
sponding operating mode of the device 10 based on the deter-
mination. In such embodiments, selecting such an operating
mode may comprise selecting a set of temperature determi-
nation algorithms for use in core temperature determinations
associated with the patient 14. It is also understood that the
controller 30 may select such an operating modebased at least
partially on the determined distance and/or other attributes of
the patient 14 without making further determinations as to,
for example, the age, gender, ethnicity, and/or other charac-
teristics of the patient 14. Additionally, one or more of the
determined attributes and/or characteristics may be illus-
trated on the display 20 separately and/or as part of the image
42, Further, as will be described in more detail below, the
controller 30 may select an output type (e.g., providing a
temperature based on an axillary reference for pediatric
patients, etc.) based at least in part on the determined distance
and/or any of the above characteristics of the patient 14.

[0029] The sensors 18 may comprise any devices config-
ured to sense one or more vital signs or physical characteris-
tics of a patient such as, for example, temperature, blood
pressure, blood oxygen saturation (hereinafter “Sp02”),
heart rate, and the like. In an example embodiment, at least
one of the sensors 18 may comprise a temperature sensor,
such as a thermopile, thermocouple, and/or thermistor, con-
figured to determine a temperature associated with the patient
14. For example, each of the sensors 18 may be configured to
determine a temperature of respective locations 36 on the
portion 34 of the face of the patient 14. Alternatively, each of
the sensors 18 may be configured to determine a temperature
of other respective measurement sites of the patient 14. It is
understood that in some example embodiments, determining
atemperature of the patient 14 with the temperature measure-
ment device 10 may include contacting one or more patient
measurement sites with the temperature measurement device
10 and/or with at least a portion of one or more of the sensors
18. Alternatively, in other example embodiments, a tempera-
ture of the patient 14, such as a core temperature of the patient
14, may be determined without contacting the measurement
site and/or other portions of the patient 14 with the device 10
or with the sensors 18 associated therewith. For the duration
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of the disclosure, such noncontact temperature determination
methods will be described in greater detail unless otherwise
specified.

[0030] In example embodiments, one or more of the sen-
sors 18 may comprise an infrared temperature sensor such as,
for example, a thermopile and/or other like infrared-based
temperature sensing devices. In still further embodiments,
one or more of the sensors 18 may comprise an array of pixels
and/or other like sensing elements configured to determine a
temperature of the various measurement sites described
herein. Such sensors 18 may be configured to convert thermal
energy into electrical energy, and may comprise two or more
thermocouples connected in series or in parallel. Such com-
ponents may be configured to generate an output voltage
proportional to a local temperature difference and/or tem-
perature gradient. In an example embodiment in which one or
more of the sensors 18 comprises at least one thermopile, the
temperature measurement device 10 may comprise, for
example, an infrared thermometer. In such embodiments, the
sensors 18 may be configured to receive and/or emit radiation,
such as thermal and/or infrared radiation. For example, the
sensors 18 may be configured to sense, detect, collect, and/or
otherwise receive radiation emitted by the measurement site,
such as, by respective locations 36 on the portion 34 of the
face of the patient 14. In such embodiments, the sensors 18
may be configured to collect the radiation, and to send a signal
to the controller 30 indicative of the collected radiation. For
example, a first sensor 184 may be configured to collect
radiation from a first location 36a, and a second sensor 185
may be configured to collect radiation from a second location
364. In this way, the first sensor 184 may be configured to
determine a temperature of the first location 184 while the
second sensor 185 may be configured to determine a tempera-
ture of the second location 364. The controller 30 may utilize
the information received from the sensors 18 for any number
of known functions. For example, the controller 30 may be
configured to determine a core temperature of the patient 14
based on such information and/or on one or more additional
inputs.

[0031] As shown in at least FIGS. 1 and 3, one or more of
the sensors 18 may be embedded substantially within and/or
formed integrally with the device 10, and at least a portion of
at least one of the sensors 18 may be disposed substantially
coplanar with the first side 38 and/or with the plane A. Addi-
tionally, each of the sensors 18 may have a respective field of
view 19a . . . 19z (collectively referred to as “fields of view
19”) that is characterized by a respective angle ®, 0,
(collectively referred to as “angles ©”). For example, such
fields of view 19 may be substantially conical, substantially
cylindrical, and/or any other three-dimensional shape, and
may extend from each respective sensor 18« . . . 18 to the
measurement site. Such fields of view 19 may be character-
ized by any desirable angles ® commonly associated with the
sensors 18. For example, such fields of view 19 may be
characterized by angles ® less than approximately 20
degrees, and in some embodiments, by angles © between
approximately 5 degrees and approximately 15 degrees. In
such embodiments, the fields of view 19 may define the range
and/or area of sensitivity for the corresponding sensors 18.
For example, objects disposed within the field of view 19a of
the first sensor 18a may be detected and/or sensed by the
sensor 18a, and the sensor 18a may not be capable of sensing
objects disposed outside of the field of view 19a. Similarly,
objects disposed within the field of view 1956 of the second
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sensor 185 may be detected and/or sensed by the second
sensor 185, and the sensor 185 may not be capable of sensing
objects disposed outside of the field of view 195.

[0032] Additionally, such fields of view 19 may have any
length commensurate with the noncontact sensors 18
described herein, and the length of such fields of view 19 may
extend to and/or otherwise be characterized by the distance D
illustrated in at least FIGS. 1 and 4. In such embodiments,
objects located at a distance less than or substantially equal to
the distance D (i.e., within the fields of view 194, 196 of the
sensors 18a, 18b) may be detected and/or sensed by the
sensors 18a, 185, while objects located at a distance greater
than the distance D (i.e., outside of the fields of view 19a, 195
of the sensors 184, 18b) may not be detected and/or sensed by
the sensors 18a, 18b. Accordingly, in example embodiments
the first sensor 12 may be configured to determine that at least
one of the first location 36a is within the field of view 194 of
the sensor 18a and the second location 365 is within the field
of view 196 of the sensor 185. In example embodiments,
determining that the temperature measurement device 10 is
located within adesired distance range of the portion 34 of the
face of the patient 14 may include determining at least one of
the first location 364 is within the field of view 19a of the
sensor 184 and the second location 365 is within the field of
view 195 of the sensor 185. In such embodiments, the first
sensor 12 may be tuned such that the field of view thereof (i.e.,
the desired distance range characterized by the distance D)
corresponds to and/or otherwise has a length substantially
equal to the lengths of the fields of view 19 of the sensors 18.
It is understood that in further embodiments, more than one
distance may be determined by the first sensor 12 in order to
determine whether, for example, the temperature measure-
ment device 10 is located within a desired distance range of
the portion 34. In such embodiments, the first sensor 12 may
determine a respective distance between the locations 36a,
364 and each of the respective sensors 18a, 185 to whether at
least one of the first location 364 is within the field of view
194 of the sensor 18« and the second location 364 is within
the field of view 1956 of the sensor 185. In still further embodi-
ments, the device 10 may include two or more first sensors 12
to facilitate determining multiple distances. In such embodi-
ments, one sensor 12 may be configured to determine a dis-
tance between the location 36a and the sensor 18a, while an
additional sensor 12 may be configured to determine a dis-
tance between the location 365 and the sensor 186.

[0033] The first sensor 12 may provide one or more signals
to the controller 30 indicating that at least one of the locations
36a, 365 is within a corresponding field of view 194, 1956 of a
respective sensor 184, 185, and the controller 30 may assist in
providing one or more indications 44a, 445, 44¢ (collectively
referred to herein as “indications 44”) to the user of the device
in response to such signals from the first sensor 12. Such
indications 44 may include audible, visible, and/or tactile
indications, and example indications 44 are shown in at least
FIG. 2 as being illustrated in the image 42 of the patient 14
shown on the display 20. For instance, a first indication 44a
may comprise a visible box, circle, window, and/or other
marker overlaying the first location 36« in the image 42 of the
patient 14, and a second indication 445 may comprise a
visible box, circle, window, and/or other marker overlaying
the second location 360 in the image 42. In such embodi-
ments, the first indication 44a may be indicative of the first
location 36a being disposed within the field of view 194 of the
first sensor 184 and the second indication 445 may be indica-
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tive of the second location 365 being disposed within the field
of view 195 of the second sensor 185. Example embodiments
may also include additional indications 44¢ comprising one
or more visible boxes, circles, windows, and/or other markers
generally overlaying at least part of the face of the patient 14
in the image 42. Instill further embodiments, such indications
44 may include text, symbols, graphics, and/or other like
notations in the image 42 indicating that the device 10 is
oriented and/or located such that the locations 36 are disposed
within the respective fields of view 19. In example embodi-
ments, such indications 44 may not be shown in the image 42
until the device 10 is oriented and/or located as described
above.

[0034] It is understood that such indications 44 may be
useful in prompting input from a user of the device 10. For
example, upon hearing, feeling, and/or viewing such indica-
tions 44, the user may provide one or more inputs via the
display 20 and/or one or more of the user interfaces 24. For
example, upon viewing one or more of the indications 44a,
44b indicative of the locations 36a, 365 being disposed within
the fields of view 19a, 194 of the respective sensors 184, 185,
auser of the temperature measurement device 10 may actuate
one of the user interfaces 24 to activate one or more of the
sensors 18. Alternatively, in exemplary embodiments in
which the display 20 comprises a touch screen or other like
device configured to accept input, the user may touch and/or
otherwise interact with the display 20 to activate one or more
of the sensors 18. In any of the embodiments described
herein, the temperature measurement device 10 may deter-
mine the temperature of the first location 364, the temperature
of the second location 365, and/or the core temperature of the
patient 14 in response to input received by the user. Alterna-
tively, the temperature measurement device 10 may deter-
mine one or more of the above temperatures automatically
(i.e., without receiving input from the user) upon determining
that the device 10 is located within the distance range of the
portion 34 of the face. The temperature measurement device
10 may also determine one or more of the above temperatures
automatically (i.e., without receiving input from the user)
upon determining that one or more of the locations 36 is
disposed within or more of the fields of view 19 described
above. In example embodiments, the controller 30, image
processor, and/or the image processing software associated
therewith may automatically activate one or more of the sen-
sors 18 to determine respective temperatures in response to,
for example, determining that the device 10 is located within
the distance range of the portion 34 of the face. In still further
embodiments, the remote component 28 of the system 100
may employ such image processing software and may be
operable to automatically activate one or more of the sensors
18 to determine respective temperatures in a similar fashion.

[0035] Itisalso understood that such indications 44 may be
indicative of one or more additional alignment parameters
associated with the device 10 and/or one or more of the
sensors 12, 18, and such alignment parameters are illustrated
in at least FIGS. 1 and 4-6. For example, such alignment
parameters may include the distance range described above
with respect to the distance D. Additionally, the first sensor 12
may comprise one or more gyroscopes, accelerometers, and/
or other components configured to determine an angular posi-
tion of the temperature measurement device 10 relative to
another object. For example, the sensor 12 may be configured
to determine the magnitude of one or more angles formed
between the temperature measurement device 10 and the
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plane B substantially defined by the portion 34 of the face
and/or other measurement sites of the patient 14. In example
embodiments, such angles may be formed between the plane
B and at least one of the sensor 12, the plane A, and the first
surface 38, and any of the angles described herein may com-
prise additional alignment parameters determined by the sen-
sor 12.

[0036] With respect to the embodiment shown in the top
view of FIG. 5, such angles o ,-c,. may be formed by, for
example, rotating and/or otherwise moving the temperature
measurement device 10 from side to side about an axis C. In
such embodiments, the axis C may be substantially parallel to
the spinal axis E, and may extend along and/or within the
plane B. In example embodiments, the sensors 18 may have a
preferred angular alignment range F within which the accu-
racy of temperature determinations made by the sensors 18
may be optimized. Such a preferred angular alignment range
F may comprise an additional alignment parameter of the
present disclosure, and the first sensor 12 may be configured
to determine when the sensors 18, and the temperature mea-
surement device 10 generally, are located within the preferred
angular alignment range F relative to the portion 34 of the face
and/or relative to respective locations 36 on the portion 34.
Additionally, one or more of the indications 44 described
above may be provided to the user of the device 10 in response
to determining that the temperature measurement device 10 is
located within the preferred angular alignment range F.

[0037] Suchangles o~ may be formed between the plane
B and a normal line extending substantially perpendicularly
from the plane A, the first side 38, and/or the sensor 12
through the axis C. When, for example, the sensor 12 and/or
the temperature measurement device 10 is disposed substan-
tially parallel to the plane B, an angle o, equal to approxi-
mately 90 degrees may be formed between the plane B and
the normal line. Alternatively, rotating the temperature mea-
surement device 10 about the axis C, such as by rotating the
temperature measurement device 10 about the face of the
patient 14, may increase (angle o) or decrease (angle c.,) the
magnitude of the angle o formed between the normal line and
the plane B. In example embodiments, the sensors 18 may
determine temperatures of the respective locations 36 when
the temperature measurement device 10 is disposed substan-
tially parallel to the portion 34 ofthe face (i.e., when the angle
o, formed between the plane B and the normal line is equal to
approximately 90 degrees). It is understood, however, that
temperature determinations made by the sensors 18 may also
have an acceptable accuracy for some applications when the
angle o is within the preferred angular alignment range F.
Such a preferred angular alignment range F for the angle o
may be between approximately 75 degrees and approxi-
mately 105 degrees. The accuracy of such temperature deter-
minations may be considered “acceptable” when the tem-
perature measured using the sensors 18 is within
approximately 10 percent of a corresponding temperature
measured using one or more additional sensors (not shown)
via patient contact.

[0038] As shown in the side view of FIG. 6, rotating the
temperature measurement device 10 about an axis [ may
result in angles -1, formed between the plane B and the
normal line extending substantially perpendicularly from the
first side 38, plane A, and/or the first sensor 12 through the
axis I. In such embodiments, the axis I may extend substan-
tially perpendicular to the axis C described above, and may
extend along and/or substantially within the plane B. When
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the sensor 12 and/or the temperature measurement device 10
is disposed substantially parallel to the plane B, an angle
equal to approximately 90 degrees may be formed between
the plane B and the normal line. Alternatively, rotating the
temperature measurement device 10 about the axis I, such as
by rotating the temperature measurement device 10 from the
forehead to the chin of the patient 14, may increase (angle )
or decrease (angle 1,) the magnitude of the angle p formed
between the normal line and the plane B. In additional
example embodiments, the angle 1 described herein may
comprise a further alignment parameter associated with the
temperature measurement device 10.

[0039] Inexample embodiments, the sensors 18 may deter-
mine respective temperatures of the locations 36 when the
temperature measurement device 10 is disposed substantially
parallel to the portion 34 (i.c., when the angle p, formed
between the plane B and the normal line is equal to approxi-
mately 90 degrees). It is understood, however, that tempera-
ture determinations made by the sensors 18 may also have an
acceptable accuracy for some applications when the angle pis
within a preferred angular alignment range G. Such a pre-
ferred angular alignment range G for the angle u may be
between approximately 75 degrees and approximately 105
degrees. As described above, the accuracy of such tempera-
ture determinations may be considered “acceptable” when
the temperature measured using the sensors 18 is within
approximately 10 percent of a corresponding temperature
measured using one or more additional sensors (not shown)
via patient contact.

[0040] The temperature measurement device 10 may addi-
tionally include at least one window, lens, filter, and/or other
like optical component (not shown) positioned proximate one
or more of the sensors 12, 18, and/or the imaging device 16.
For example, such an optical component may be disposed
substantially flush and/or coplanar with the first side 38 of the
device 10. Such optical components may be configured to
assist in, for example, focusing, directing, and/or otherwise
transmitting radiation to the sensors 12, 18, and/or the imag-
ing device 16 for collection. In additional example embodi-
ments, such optical components may assist in focusing,
directing, and/or otherwise transmitting radiation emitted by
one or more of sensors 12, 18. Such optical components may
also assist in protecting the thermopile, thermocouple, ther-
mistor, photo sensors, and/or other components of the sensors
12, 18, and/or the imaging devicel6 during use of the tem-
perature measurement device 10, and may assist in forming a
substantially fluid-tight compartment (not shown) within the
device 10 to protect such components from contact with
bodily fluids, cleaning solutions, and/or other liquids. It is
understood that such optical components may be substan-
tially transparent to assist in the transmission of infrared
and/or other types of radiation. In example embodiments, the
optical components may comprise one or more convergent,
collimating, and/or divergent lenses. Additionally, in such
embodiments at least a component of at least one of the
sensors 12, 18 and/or at least a component of the controller 30
may be disposed within the substantially fluid-tight compart-
ment.

[0041] In further example embodiments, the temperature
measurement device 10 may include one or more actuation
devices (not shown) associated with one or more of the sen-
sors 12, 18, and/or the imaging device 16. Such actuation
devices may be operably connected to the controller 30 and
may be configured to move the sensors 12, 18, and/or the
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imaging device 16 relative to the temperature measurement
device 10. For example, in the embodiment shown in FIG. 1
such actuation devices may be configured to pivot the sensors
12, 18, and/or the imaging device 16 relative to the first side
38 and/or any other portion of the temperature measurement
device 10. In such an example embodiment, the one or more
actuation devices may be configured to pivot the sensors 12,
18, and/or the imaging device 16 about a longitudinal axis L
of the temperature measurement device 10 extending sub-
stantially parallel to the plane A from a top of the device 10 to
a bottom thereof. In further example embodiments, such
actuation devices may be configured to move the sensors 12,
18, and/or the imaging device 16 longitudinally (i.e., along
the longitudinal axis L) and/or laterally (i.e., transverse to the
longitudinal axis L) along the first side 38 of the temperature
measurement device 10.

[0042] The example actuation devices described above
may comprise any electric motor, servo motor, and/or other
known device configured to assist in moving one or more
components of the sensors 12, 18, and/or the imaging device
16 relative to the device 10. Accordingly, it may be possible to
form any of the angles a, p described herein with respect to
FIGS. 5 and 6 through activation of one or more such actua-
tion devices while maintaining the position ofthe temperature
measurement device 10 substantially stationary with respect
to the plane B and/or the patient 14. Additionally and/or
alternatively, in further embodiments at least one of the sen-
sors 12, 18 and/or the imaging device may be positioned at an
angle relative to, for example, the first side 38. For example,
at least one of the sensors 18 may be angled toward an axis X
extending substantially perpendicular from the longitudinal
axis L and/or the first side 38. Such an example axis X is
shown in FIGS. 1 and 4. In such examples, at least one of the
sensors 18 may be angled inward and/or otherwise aimed
toward the eyes and/or the inner-canthal region of the face of
the patient 14. Additionally, in any of the examples described
herein, one or more of the sensors 12, 18 and/or the imaging
device 16 may be moveable in order to maintain focus on the
respective locations 36 as, for example, the patient 14 and/or
the temperature measurement device 10 is moved. One or
more of the sensors 12, 18 and/or the imaging device 16 may
also be moveable in response to and/or based on the determi-
nation of one or more physical attributes of the patient 14.
Such physical attributes will be described in greater detail
below.

[0043] As discussed above, and as illustrated in at least
FIGS. 1 and 2, the temperature measurement device 10 may
include one or more displays 20. An example display 20 may
be operably connected to the controller 30 and/or to the image
processor thereof. The display 20 may comprise, for example,
a liquid crystal display (LCD) screen, a light emitting diode
(LED) display, a digital read-out, an interactive touch-screen,
and/or any other like components configured to communicate
information to the user or to control the temperature measure-
ment device 10. In addition to the various indications 44
described herein, as shown in FIG. 2, such displays 20 may be
configured to indicate, for example, one or more distances
464, such as the distance D associated with the distance range
and/or fields of view 19 described herein. Such displays 20
may also be configured to indicate temperatures 465 deter-
mined by the sensors 18, and one or more temperatures 46c,
such as a core temperature of the patient 14, determined based
on signals received from one or more of the sensors 18.
Although FIG. 2 illustrates the temperatures 465, 46¢ being
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shown in separate respective windows on the display 20, in
further example embodiments, one or more of the tempera-
tures 465, 46c¢, such as the temperatures determined by the
sensors 18, may be shown on the display 20 within corre-
sponding respective indications 44a, 44b, or elsewhere on a
corresponding location 36 of the face. Additionally. such
displays 20 may be configured to indicate an ambient tem-
perature 464 associated with the environment in which the
device 10 is being used, the name, age, gender, and/or any
other information 46e that may be useful during operation of
the temperature measurement device 10. For example, the
display 20 may also be configured to communicate informa-
tion indicative of the angles «, p, fields of view 19, and/or
other alignment parameters described herein. The display 20
may also be configured to communicate information indica-
tive of additional physical characteristics of the patient 14
including but not limited to disease state, injury, and emo-
tional state. The display 20 may be configured to communi-
cate such information substantially simultaneously and/or
substantially continuously depending on the mode of opera-
tion of the temperature measurement device 10.

[0044] With continued reference to FIGS. 1 and 2, example
signal devices 22 of the temperature measurement device 10
may include, for example, one or more lights, LEDs, speak-
ers, and/or other like devices configured to emit an audible
and/or visible alarm or signal in response to a command or
signal from the controller 30. Such an alarm or other signal
may be initiated by, for example, the controller 30 when a
temperature determined by the temperature measurement
device 10 meets or exceeds a threshold temperature. In addi-
tional example embodiments, such an alarm or signal may be
initiated during a substantially continuous temperature detet-
mination operation where the rate of patient temperature
change meets or exceeds a predetermined temperature
change rate threshold.

[0045] In further example embodiments, such an alarm or
signal may be initiated and/or otherwise communicated to a
user of the temperature measurement device 10 based on one
or more of the alignment parameters described herein. For
example, the signal device 22 may be configured to output
information indicative of one or more such alignment param-
eters to assist the user in positioning the temperature mea-
surement device 10 and/or the sensors 18 relative to the
patient 14. In example embodiments, the signal device 22
may output an audible alarm, signal, and/or other indication
indicating that the temperature measurement device 10 and/
or the sensors 18 are disposed outside of the angular align-
ment ranges F, G and/or the fields of view 19 described herein.
Alternatively, the signal device 22 may be configured to out-
put an audible alarm, signal, and/or other indication indicat-
ing when the temperature measurement device 10 and/or the
sensors 18 have been positioned within the angular alignment
ranges F, G and/or the fields of view 19 described herein.

[0046] In each of the example embodiments described
herein, one or more of the signal device 22 and the display 20
may be configured to request and/or direct movement of the
patient 14 relative to the temperature measurement device 10,
or vice versa. In such embodiments, for example, the signal
device 22 and/or the display 20 may output one or more
audible and/or visual signals or requests informing the user
where to position the patient 14 or the device 10. Such
requests may comprise, for example, one or more visual
alignment beams, visual images, and/or audible communica-
tions/instructions indicating a desired movement of the
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device 10 relative to a substantially stationary patient 14. In
still further embodiments. such requests may comprise visual
instructions including one or more of the indications 44
described above.

[0047] The one or more user interfaces 24 of the tempera-
ture measurement device 10 may be configured to assist in
initiating, performing, and/or controlling one or more func-
tions of the temperature measurement device 10. For
example, the user interfaces 24 may comprise any combina-
tion of switches, buttons, levers, knobs, dials, keys, and/or
other like components configured to activate, deactivate,
manipulate, and/or otherwise control components of the tem-
perature measurement device 10. Such user interfaces 24
may, for example, assist the user in toggling through and/or
selecting one or more modes of operation of the temperature
measurement device 10, enabling and/or disabling one or
more sensors 12, 18, imaging devices 16, alarms, and/or
signal devices 22 associated with the device 10, initiating a
single substantially instantaneous temperature determina-
tion, initiating a substantially continuous and/or repeating
temperature determination, and/or other like modes, func-
tions, or operations.

[0048] Accordingly, one or more user interfaces 24 may be
operably connected to at least one of the sensors 12, 18, the
imaging device 16, the display, 20, and/or other components
of the temperature measurement device 10. In an example
embodiment, at least one of the user interfaces 24 may be
embedded substantially within and/or otherwise formed inte-
grally with the device 10 and/or a housing thereof. Addition-
ally, in embodiments in which the display 20 comprises a
touch screen, one or more of the user interfaces 24 may be
omitted.

[0049] The communication device 26 of the temperature
measurement device 10 may include one or more transmit-
ters, receivers, transceivers and/or other like communication
components configured to send information to and/or receive
information from the remote component 28. In such example
embodiments, the temperature measurement device 10 may
be configured to send and/or receive any of the information
described herein with regard to the display 20, sensors 12,18,
imaging device 16, and/or other components of the tempera-
ture measurement device 10 via such communication devices
26. In such embodiments, a communication device 26 of the
temperature measurement device 10 may be configured to
send and/or receive such information to the remote compo-
nent 28 of the system 100 wirelessly via BLUETOOTH®,
WIFI®, cellular networks, internet networks, or other like
means. Such a communication device 26 may be disposed at
any convenient location on the temperature measurement
device 10, and in additional embodiments, such a communi-
cation device 26 may be disposed partially and/or completely
internal to the temperature measurement device 10. Such
remote components 28 may bedisposed at a different location
in the same examination room as the device 10, in a different
examination room and/or other location within the same
healthcare facility as the device 10, or in an entirely different
healthcare facility than the device 10. Accordingly, the com-
munication device 26 may facilitate communication between
a local temperature measurement device 10 and a remote
component 28 via any of the means described above depend-
ing on the relative locations of the device 10 and the remote
component 28.

[0050] The controller 30 may be operably connected to the
user interfaces 24, display 20, sensors 12, 18, imaging device
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16, communication device 26, and/or other components of the
temperature measurement device 10, and the controller 30
may be configured to control the operation of such compo-
nents. In an example embodiment, the controller 30 may be
configured to receive signals, information, measurements,
and/or other data from the sensors 12, 18 and/or the imaging
device 16, and to determine a temperature value indicative of
a core temperature of the patient 14 based on the information
received. The controller 30 may also be configured to execute
one or more commands and/or control programs. In addition
to the image processor described above, the controller 30 may
comprise memory 32, additional processors, and/or other
known controller components to facilitate the functionality
described herein. In an example embodiment, the controller
30 may be disposed within, for example, the housing of the
temperature measurement device 10. In such an embodiment,
the housing may form one or more substantially water-tight
and/or substantially hermetically sealed compartments for
storing the various components of the controller 30.

[0051] The example temperature measurement system 100
described herein may be utilized by physicians, nurses, health
care professionals, and/or other users in a variety of different
environments. For example, the temperature measurement
device 10 may be employed in any of a number of examina-
tion facilities to determine one or more temperatures associ-
ated with a patient 14 such as, for example, an estimated core
temperature of the patient 14. Such an estimated core tem-
perature may be utilized by the health care professional to
assistin treating the patient 14, and may have a variety of uses
that are well known in the medical field.

[0052] Inexample embodiments, the temperature measure-
ment devices 10 disclosed herein may be configured to deter-
mine patient temperature and/or other physical characteris-
tics of the patient 14 using one or more contact-based and/or
noncontact-based methods of patient evaluation. For ease of
description, a noncontact-based method of temperature deter-
mination will be described with respect to the flowchart 200
shown in FIG. 7.

[0053] Inanexample method of determining a temperature
of a patient 14, the controller 30 and/or the first sensor 12 of
the temperature measurement device 10 may, at step: 202
determine whether the device 10 is located within the distance
range described above with respect to the portion 34 of the
face of the patient 14. As shown in at least FIG. 1, such a
distance range may be characterized by the distance D
extending from the plane B substantially defined by the por-
tion 34 of the face, or any of the other measurement sites
described herein, to the plane A substantially defined by the
temperature measurement device 10. Such a determination
may comprise a proximity determination. In particular, the
distance range characterized by the distance D may corre-
spond to and/or may be substantially equivalent to the length
of the fields of view 19 associated with the sensors 18.
Accordingly, determining at step: 202 that the temperature
measurement device 10 is located within such a distance
range may comprise determining that the portion 34 of the
face and/or locations 36 on the portion 34 of the face are
disposed within a field of view 194 . . . 19% of at least one of
the sensors 18.

[0054] Inexample embodiments, determining that the tem-
perature measurement device 10 is located within such a
distance range at step: 202 may include the first sensor 12
emitting a beam and/or a field of infrared radiation, at least a
portion of which impinges on the portion 34 of the face. The
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first sensor 12 may also collect at least a portion of such
emitted radiation, and may determine the distance D between,
for example, the first sensor 12 and the plane B based on the
collected radiation. The first sensor 12 may also provide one
or more signals to the controller 30 indicative of the collected
radiation and/or of the corresponding distance D. Alterna-
tively and/or in addition, at step: 202 any other metric or
process may be used by the controller 30 to determine
whether the device 10 is within an acceptable sensing range
and/or field of view of the sensors 18. For example, instead of
determining the distance D between the first sensor 12 and the
plane B at step: 202, the imaging device 16 may be utilized to
capture one or more images of the face of the patient. The
imaging device 16 may send one or more signals to the
controller 30 containing information indicative of the image,
and the controller 30 and/or the image processors associated
therewith may determine whether the device 10 is within a
field of view of the sensors 18 based on such information. For
instance, if the image processors are able to identify one or
more portions of the face, such as one or more of the locations
36, the controller 30 may determine that the device 10 has
been properly positioned relative to the patient 14 to deter-
mine surface temperatures of the locations 36.

[0055] At step: 204, the controller 30 and/or the first sensor
12 may determine whether the temperature measurement
device 10 is disposed within one or more alignment ranges
relative to the plane B, and such alignment ranges may
include one or more of the preferred angular alignment ranges
F, G described above. For example, the first sensor 12 may
determine whether the device 10 is disposed between a mini-
mum angle ¢, and a maximum angle c defined by the plane
B and a line normal to the plane A. Such angles ., o are
described above with respect to the top view shown in FIG. 5.
Additionally, the first sensor 12 may determine whether the
device 10 is disposed between a minimum angle j1, and a
maximum angle p defined by the plane B and a line normal to
the plane A. Such angles p,, . are described above with
respect to the side view shown in FIG. 6. Further, as noted
above, such angles ¢, | may further define the fields of view
19 of the sensors 18, and the plane B may be substantially
defined by any of the measurement sites described herein.
Thus, determining that the temperature measurement device
10 is within one or more of the alignment ranges F, G at step:
204 may comprise a further confirmation that at least one of
the first location 36a is disposed within the field of view 19a
ofthe sensor 184, and that the second location 365 is disposed
within the field of view 195 of the sensor 185. It is understood
that the determinations made at step: 204 may be made by the
first sensor 12 and/or the controller 30 substantially simulta-
neously with the determinations made at step: 202.

[0056] In example embodiments, the imaging device 16
and/or the controller 30 may assist in generating a visual
and/or thermal image of the patient 14, and such an image 42
may be displayed by the display 20 of the temperature mea-
surement device 10. Such an image 42 may be displayed on
the display 20 before, during, and/or after the determinations
described above with respect to steps: 202, 204 have been
made. Additionally, such an image 42 may comprise a real
time image and/or video of the patient 14, and the image 42
may be displayed on the display 20 throughout the various
temperature determination methods described herein.

[0057] At step: 206, the display 20, the signal device 22,
and/or the controller 30 may provide one or more indications
to a user of the temperature measurement device 10 that the
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device 10 is located within the distance range described above
with respect to step: 202. At step: 206, the display 20, the
signal device 22, and/or the controller 30 may also provide
one or more indications indicating that the temperature mea-
surement device 10 is located within one or more of the
alignment ranges F, G described above with respect to step:
204. As described above with respect to FIG. 3, such indica-
tions may include, for example, a first visual indication 44a
substantially overlaying the first location 36a on the portion
34 of the face shown in the image 42, and a second visual
indication 44b substantially overlaying the second location
364 on the portion 34. In such embodiments, the image 42
may be displayed on the display 20 throughout the tempera-
ture determination methods described herein, and at least one
of the indications 44 may be displayed in the image 42 in
response to at least one of the determinations described above
with respect to steps: 202, 204.

[0058] One or more of the indications 44 described above
may prompt the user of the device 10 to provide one or more
inputs. For example, in embodiments in which one or more of
the indications 44 is indicative of the device 10 being dis-
posed at an acceptable distance D and/or within an acceptable
alignment range F, G relative to the patient 14 (i.e., relative to
the plane B), the user may actuate one or more of the user
interfaces 24 or the display 22 direct one or more of the
sensors 18 to determine the temperatures of respective loca-
tions 36 on the portion 34 of the face. It is understood that
such inputs may be provided via the display 20 in embodi-
ments in which the display 20 comprises a touch screen.
Alternatively, in further embodiments the sensors 18 may
automatically determine the temperature of respective loca-
tions 36 on the portion 34 of the face in response to the
determinations made at one or more of steps: 202, 204. In
such embodiments, step: 208 may be omitted.

[0059] At step: 210, the first sensor 12 and/or the controller
30 may determine one or more physical attributes of the
patient 14. For example, at step: 210 the first sensor 12 may
determine at least one of a distance between the first location
36a and the second location 365, a distance between at least
one of the first and second locations 36a, 365 and a third
location 36¢ on the face of the patient 14, and one or more
dimensions of the ear of the patient 14, such as a height H of
the ear. The first sensor 12 may provide one or more signals to
the controller 30 indicative of one or more such distances
and/or dimensions, and the controller 30 may determine one
or more of the physical attributes of the patient 14 described
abovebased on such signals. Additionally, the imaging device
16 may assistin generating the image 42 described above, and
the controller 30 and/or the image processor thereof may
utilize the image 42 to determine the physical attributes at
step: 210. Itis understood that such physical attributes may be
indicative of, for example, the age, gender, ethnicity, and/or
other characteristics of the patient 14. Further, the controller
30 may automatically select one or more operating modes of
the temperature measurement device 10 based on the physical
attribute determined at step: 210. Selecting such an operating
mode may include, for example, selecting one or more algo-
rithms, neural networks, lookup tables, and/or other like com-
ponents or protocols for use in determining a temperature of
the patient 14.

[0060] Forexample, if the controller 30 determines, at step:
210, that the patient 14 is an adult, the controller 30 may, in
response to the determination, automatically utilize one or
more temperature determination algorithms tailored toward
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treatment and/or diagnosis of adult patients. Alternatively, if
the controller 30 determines that the patient 14 is a pediatric
patient, the controller 30 may, in response to the determina-
tion, automatically utilize one or more temperature determi-
nation algorithms tailored toward treatment and/or diagnosis
of pediatric patients. A similar “tailored” algorithm and/or
process may be employed by the temperature measurement
device 10 in response to the determination of patient gender
and/or ethnicity. Accordingly, one or more temperatures of
the patient 14, such as a core temperature of the patient 14,
may be determined based on the operating mode selected by
the controller 30. Further, in such embodiments the controller
30 may automatically select an output type based on the one
or more physical attributes determined at step: 210. For
example, upon determining that the patient 14 is a pediatric
patient, the controller 30 may, in response, select one or more
algorithms, neural networks, look-up tables, and/or other like
protocols having an output comprising a temperature corre-
sponding to an axillary temperature output. It is understood
that the controller 30 may select such an output type (i.e., an
axillary temperature) since axillary temperatures are standard
when treating and/or monitoring pediatric patients. Further,
in such embodiments the physical attribute of the patient 14
may be entered, selected, and/or otherwise provided by the
user of the device 10 at step: 210.

[0061] Atstep: 212 atleastoneofthe sensors 18, such as the
sensor 184, and/or the controller 30 may determine a first
temperature corresponding to the first location 364 on the
portion 34 of the face of the patient 14. Additionally, at step:
212 at least one of the sensors 18, such as the sensor 185,
and/or the controller 30 may determine a second temperature
corresponding to the second location 36 on the portion 34 of
the face of the patient 14. In an example embodiment, the first
location 36a may comprise a point or an area on the left
inner-canthal region of the patient 14, and the second location
was 365 may comprise a point or an area on the right inner-
canthal region of the patient 14. In example embodiments, the
portion 34 of the face used to obtain the first and second
temperatures described herein may comprise a different mea-
surement site than that used to determine at least one of the
distance range and the angular alignment ranges F, G
described above with respect to steps: 202 and 204. For
example, while the forehead of the patient 14 may be used for
the distance range determination at step: 202, locations 36 on
the inner-canthal region and/or other like portions 34 of the
face may be used for the temperature determinations at step:
212. Additionally, in embodiments in which at least one of the
sensors 18 comprises an infrared sensor, the sensors 18 may
collect radiation emitted by the respective locations 36, and
may determine corresponding first and second temperatures
based on such collected radiation. In such embodiments, the
sensors 18 may determine the first and second temperatures at
step: 212 without contacting the patient 14. The sensors 18
may also provide one or more signals to the controller 30
indicative of the first and second temperatures determined at
step: 212.

[0062] Atstep: 214, the controller 30 may determine a third
temperature of the patient 14 based on at least, for example,
the first and second temperatures determined at step: 212.
Such a third temperature may comprise any of the tempera-
tures described herein, and in some embodiments, the third
temperature determined at step: 214 may comprise a core
temperature. In some embodiments, the third temperature
may also be determined based at least partially on, for
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example, one or more of the physical attributes determined at
step: 210. For example, at step: 214 at least one of the first and
second temperatures may be utilized as inputs to one or more
of the algorithms, neural networks, lookup tables, and/or
other components selected based on the one or more physical
attributes determined at step: 210. At least one of the sensors
18 may also determine, for example, an ambient temperature
of the environment in which the temperature measurement
device 10 is being used. In such embodiments, the ambient
temperature may also be utilized as an input to such compo-
nents at step: 214. In such embodiments, the third tempera-
ture determined at step: 214 may comprise an output of such
components.

[0063] In example embodiments, the controller 30 may
assign an arithmetic bias and/or other like weight factor to one
or both of the first and second temperatures and/or the ambi-
ent temperature. Such a weight factor may be indicative of,
for example, a priority of one of the determined temperatures
relative to the other determined temperature, and such a rela-
tive priority may be useful when determining the core tem-
perature of the patient 14 at step: 214. Such a weight factor
may comprise, for example, a constant and/or other like coef-
ficient associated with the one or more determined tempera-
tures, and such coefficients may be part of a core temperature
determination algorithm employed by the controller 30. The
controller 30 may determine and/or associate such a weight
factor with one or more of the determined temperatures
described herein by using one or more weight factor look-up
tables and/or weight factor data maps stored in the memory 32
of the controller 30. Moreover, the controller 30 may be
configured to modify one of the determined temperatures
based on the other determined temperature and the weight
factor assigned and/or otherwise associated with at least one
of the determined temperatures. Such a modification may be
based on the weight factor associated with one or both of the
determined temperatures, and such weight factors may be
indicative of the relative correlation between such tempera-
tures and the actual core temperature of the patient 14. More-
over, such a modification may be performed by nature of the
one or more algorithms employed to determine the core tem-
perature of the patient 14.

[0064] At step: 214 the third temperature of the patient 14
may also be communicated to the user. For example, as shown
in FIG. 3, one or more of the first and second temperatures
464, the ambient temperature 464, and/or the core tempera-
ture 46¢ may be shown on the display 20. Additionally and/or
alternatively, one or more such temperatures may be provided
to one or more of the remote components 28 via the commu-
nication device 26 of the temperature measurement device 10.
Itisunderstood that in some embodiments, one or more ofthe
steps illustrated in FIG. 7 may be combined and/or performed
in a different order. For example, it is understood that data
including the first and second temperatures described above
with respect to step: 212 and/or information related to the
physical attributes discussed with respect to step: 210 may be
collected during any of the steps shown in FIG. 7. In still
further embodiments, one or more of the steps illustrated in
FIG. 7 may be omitted. For example, in further embodiments
at least one of steps: 202 and 204 may be omitted without
deviating from the various example temperature determina-
tions described herein.

[0065] Such noncontact-based methods of temperature
determination may be useful in a variety of applications. Such
applications may include initial and/or patient intake screen-
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ing, and situations in which the patient is uncooperative or
unconscious. Such applications may also include situations in
which temperature determination through traditional contact-
based methods is outside of a designed temperature range of
operation or may place the user at an elevated risk of contact
with, for example, germs, viruses, contagious disease, patient
bodily fluids, and/or other like substances or contaminants.
[0066] Other embodiments of the present disclosure will be
apparent to those skilled in the art from consideration of the
specification and practice of the embodiments described
herein. For example, in example embodiments the tempera-
ture measurement device 10 of the present disclosure may
include one or more ports, connectors, terminals, and/or other
like connection devices configured to enable communication
between the temperature measurement device 10 and one or
more separate devices. [t is intended that the specification and
examples be considered as example only, with a true scope
and spirit of the present disclosure being indicated by the
following claims.

1-19. (canceled)

20. A method of manufacturing a temperature measure-
ment device, comprising:

providing a first sensor configured to determine that the

device is located within at least one of a distance range
and an alignment range of a first portion of a measure-
ment site of a patient;
providing at least one additional sensor configured to deter-
mine a first temperature of a first location on at least one
of the first portion and a second portion of the measure-
ment site and a second temperature of a second location
on at least one of the first portion and the second portion,
wherein the at least one additional sensor determines the
first and second temperatures without contacting the
patient, and
wherein the first and second temperatures are deter-
mined in response to the first sensor determining that
the device is located within the at least one of the
distance range and the alignment range;
providing a controller in communication with the first sen-
sor and the at least one additional sensor; and

programming the controller to determine a third tempera-
ture of the patient based on the first and second tempera-
tures.

21. The method of claim 20, wherein providing the at least
one additional sensor comprises providing a first infrared
sensor in communication with the controller and configured
to determine the first temperature, and providing a second
infrared sensor in communication with the controller separate
from the first infrared sensor, the second infrared sensor con-
figured to determine the second temperature.

22. The method of claim 20, further including providing a
user interface in communication with the controller, the user
interface configured to receive an input from a user of the
device in response to determining that the device is located
within the distance range, wherein the at least one additional
sensor is configured to determine at least one of the first
temperature and the second temperature in response to the
input.

23. The method of claim 20, further including providing a
display in communication with the controller, the display
configured to provide an indication to a user of the device that
the device is located within the distance range, and to display
an image of the patient, wherein the indication is illustrated in
the image.
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24. The method of claim 23, wherein the at least one
additional sensor comprises a second sensor and a third sen-
sor separate from the second sensor, and wherein the indica-
tion illustrated in the image comprises a first indication indi-
cating that the first location is within a field of view of the
second sensor, and a second indication indicating that the
second location is within a field of view of the third sensor.

25. The method of claim 23, wherein the display is config-
ured to receive an input from the user in response to the
indication.

26. The method of claim 20, further including providing an
imaging device in communication with at least one of the
controller and the display, the imaging device being config-
ured to assist in generating the image of the patient displayed
on the display.

27. The method of claim 20, further including providing a
substantially fluid-tight compartment within the temperature
measurement device, wherein a component of at least one of
the controller, the first sensor, and the at least one additional
sensor is disposed within the compartment.

28. A method of determining a temperature of a patient,
comprising:

determining that a temperature measurement device is

located within at least one of a distance range and an
alignment range of a portion of a measurement site of the
patient;

providing an indication to a user of the device that the

device is located within the at least one of the distance
range and the alignment range;

determining, with the device, a temperature from an inner-

canthal region of the patient, without contacting the
patient with the device; and

determining a core temperature of the patient based on the

temperature.

29. The method of claim 28, wherein determining that the
temperature measurement device is located within the at least
one of the distance range and the alignment range comprises
determining that the portion of the measurement site is within
a field of view of a sensor of the device.

30. The method of claim 28, wherein determining the tem-
perature from the inner-canthal region of the patient com-
prises determining a first temperature of a first location in the
inner-canthal region using an infrared temperature sensor of
the device and determining a second temperature of a second
location in the inner-canthal region, different from the first
location, using the infrared temperature sensor, wherein the
core temperature is determined based on the first and second
temperatures.

31. The method of claim 28, further including receiving an
input from the user in response to the indication, and detet-
mining the temperature from the inner-canthal region in
response to the input.

32. The method of claim 28, further including capturing a
visual image of the patient with adigital camera of the device,
determining a physical attribute of the patient based at least in
part on the visual image, and automatically selecting an oper-
ating mode of the device based on the attribute, wherein the
core temperature is determined based on the selected operat-
ing mode.

33. The method of claim 32, wherein the attribute com-
prises at least one of a distance between a first location on the
measurement site and a second location on the measurement
site, a distance between at least one of the first and second
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locations and a third location on the measurement site, and a
dimension of an ear of the patient.

34. A temperature measurement device, comprising:

a proximity sensor configured to determine that the device
is located within at least one of a distance range and an
alignment range of a measurement site of a patient, the
measurement site comprising an inner-canthal region of
the patient;

an infrared temperature sensor configured to determine a
temperature of a location in the inner-canthal region
without contacting the patient,
wherein the temperature of the location is determined in

response to the first sensor determining that the device
is located within the at least one of the distance range
and the alignment range; and

a controller in communication with the proximity sensor
and the infrared temperature sensor, the controller being
programmed to determine a core temperature of the
patient based on the temperature of the location.

35. The device of claim 34, wherein the distance range
extends from a plane substantially defined by the device to a
plane substantially defined by a portion of the measurement
site.

36. The device of claim 34, further comprising at least one
additional infrared temperature sensor in communication
with the controller and configured to determine at least one
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additional temperature of the inner-canthal region without
contacting the patient, wherein the controller is programmed
to determine the core temperature using the temperature of
the location and the at least one additional temperature as
inputs.

37. The device of claim 34, further including:

a digital camera in communication with the controller and

configured to capture a visual image of the patient, and

a display in communication with the controller, wherein

the display is configured to display the visual image of
the patient with an indication, illustrated in the image,
that the device is located within the at least one of the
distance range and the alignment range.

38. The device of claim 37, wherein the controller is con-
figured to determine a physical attribute of the patient using
an input from the digital camera and the proximity sensor, and
to automatically select an operating mode of the device based
on the attribute, wherein the core temperature is determined
based on the selected operating mode.

39. The device of claim 34, further including a substan-
tially fluid-tight compartment within the temperature mea-
surement device, wherein a component of at least one of the
controller, the proximity sensor, and the infrared temperature
sensor is disposed within the compartment.
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